Conducting interviews about children's olfactory behaviours offers a feasible way of learning about the earliest perceptions and knowledge of one's odour world. However, little is known about the stability and development of such self-reports. Here we present the first longitudinal study to repeatedly test children's odour awareness in five waves over a two-year period. We expected that higher scores would be attained by girls relative to boys and by older children compared to younger ones and that the scores would increase further into the study. We found a linear time-related increase in the total COBEL scores and in the food and environmental components, whereas awareness of social odours decreased over time. Girls were more olfaction-oriented in the context of social and environmental, but not food, odours. All the reported effects were small. The age at which the children entered the study did not affect their scores. We suggest that the unexpected findings regarding social odours warrant replication in particular and extension in longitudinal studies carried out over a broader time span.
Introduction
Humans exhibit a high degree of inter-individual variability in how they perceive and interact with their olfactory environment, and in the significance they ascribe to their sense of smell [1] [2] [3] [4] .
This aspect of olfactory perception has been termed "odour awareness" [3, 4] or "olfactory reactivity and awareness" [5, 6] , and can be assessed by means of various olfaction-related metacognitive measures [2, 4, 5, 7] . These measures lend insight into people's olfactory behaviours that are not directly observable or reproducible in the laboratory. For instance, while some people are readily aware of ambient odours and tend to comment on their presence, others will only notice them after they have been brought to their attention by someone else. Some people let ambient smells affect their attitudes and behaviour, whereas others do not. Also, some people seek pleasant olfactory stimuli and avoid unwanted, potentially disturbing odours more actively than others.
In children, the most established tool for investigations of odour awareness is a questionnaire entitled "Children's Olfactory Behaviors in Everyday Life" (COBEL) [5, 8] . Designed to evaluate children's self-reported awareness of odours present in their everyday environment, their active seeking of olfactory stimuli, and affective responses towards them, it comprises three components that assess the food-, social-, and environment-related olfactory contexts separately.
For instance, to learn about a child's food-related odour awareness, participants are asked what they will do when presented with an unfamiliar dish, whether they ever wonder what will be for dinner based on cooking smells, or what their food dislikes are (and after they respond it is assessed whether the dislikes have an olfactory basis). The social context is evaluated by asking a child if they ever try to smell parts of their body or articles of clothing, whether they have ever noticed that their relatives have a specific body odour and how they feel about it, or whether they ever register other people's personal odours. Finally, awareness of environmental odours is operationalised, for instance, as a tendency to seek comfort in sadness by smelling odours, as memory for odours encountered on the previous day, or as an attitude towards tobacco odours. COBEL can be ACCEPTED MANUSCRIPT
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administered either as a questionnaire to literate children, or, with pre-literate children, a structured interview can be conducted based on the questionnaire.
Several cross-sectional studies show that between-subject variability in COBEL scores is apparent from early in ontogeny and that it relates to the proxies of age and gender in healthy [5, 6, [8] [9] [10] and visually-impaired [11] children. Specifically, based on their self-reports, girls of all ages were found to be more olfaction-oriented than boys [5, 6, 10, 12] and older children scored higher than younger ones [5, 6, 8] . Thus, most of our knowledge about the development of odour awareness in childhood comes from studies which employed one-off assessments only. The only two longitudinal studies to date in which children were interviewed using the COBEL questionnaire indicated that children's odour awareness at the end of the study varied as a function of scores achieved at its beginning [13] and that their awareness was positively affected by exposure to more diverse food-related odours [12] . A research question which still remains largely unanswered is whether olfactory-related behaviours remain consistent over time and multiple repeated assessments or whether they undergo development even in the short-term.
Here we present the first longitudinal study to investigate the development of odour awareness in children over a two-year period in five waves of data collection. This cohort was of special interest because of the potential effects of experiential factors related to school entry. Every six months, children were interviewed about their olfactory behaviours and their perceptions of their everyday odour environment. We hypothesized that higher scores would be attained by girls relative to boys and by older children compared to younger ones. Also, we expected that the scores would increase further into the study.
Materials and Methods

Participants
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The participants were 157 children of Czech origin: 79 boys, mean age at study commencement 5.87 ± 0.71 years (70.41 ± 8.62 months), range 3.58 -7.08 years (43 -85 months), and 78 girls, mean age at study commencement 5.75 ± 0.57 years (69.13 ± 6.71 months), range 4.42 -7.00 years (53 -84 months). At the start of the study, the children attended one of six public mixed-sex kindergartens in various districts of Prague. The kindergartens were attended by children from varied social backgrounds. Kindergarten principals were contacted via telephone, e-mail, and in person to inform them about the planned study. Those who provided permission to perform the study on the kindergarten's premises were asked to pass the information on to the teachers, who distributed leaflets to the children's parents. We kept the e-mail addresses and phone numbers of the parents in order to contact them later with an invitation for their children to take part in subsequent sessions. After a given child started school, the session took place either on the school premises or in our laboratory. The sessions were scheduled in approximately six-month intervals. the study and were first tested during Wave 2 (51.59%, N = 81, 47 boys). Because, on the first testing occasion, these two groups did not differ in age, t(153.72) = 0.45, p = 0.65 (see Table 1 for details), or baseline total COBEL scores, t(148) = -0.91, p = 0.36, group membership was disregarded. All the children were tested for the final time during Wave 5, meaning that there was data from the maximum of five testing occasions available for those who entered the study during Wave 1, but a maximum of four for those who were recruited during Wave 2.
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Because of the longitudinal nature of the study, missing data was a concern. For the most part, data gaps were caused by participant absence on the day of data collection rather than attrition from the study. respectively. Additionally, the time interval since any previous testing was taken into consideration.
For instance, for children recruited to the study during Wave 1 who participated in Wave 5, this time interval ranged from 5 to 25 months. The number of children (boys, girls, and the total sample) participating in each wave is given in Table 1 , along with descriptive data on their age, experience level, and COBEL scores. 
Children's Olfactory Behaviors in Everyday Life Questionnaire (COBEL)
Odour awareness was assessed by means of an interview based on the Children's Olfactory
Behaviors in Everyday Life (COBEL) questionnaire [5] . Originally developed for 6-to 10-year-olds, it consists of 16 questions designed to evaluate self-reported awareness of odours in salient everyday contexts, i.e., those related to food (e.g., "When you smell a food odour, do you try to guess for fun what it is (response format: never/sometimes/often)?"), social perception (e.g., "Do you happen to smell parts of your body (never/sometimes/often)?"), and environment (e.g., "Imagine someone is smoking next to you. Do you care/like or not like/love or hate this odour?"). Each item was scored on a 3-point scale, rating the child as poorly (0), moderately (0.5), or highly (1) Although this tool had already been used successfully in a previous study with slightly older Czech children [6] , in the present study it transpired that children did not fully understand the rating format of Item 3, termed "Senses in nature" [9, 10] . Prompted by the question "When you walk in nature, what do you prefer?", children were asked to rank the four sensory modalities of touching, smelling, watching, and listening in order of preference. Specifically, most children tended to disregard the items to be ranked and offered their own alternative, which mostly involved "playing"
or "running around". Therefore, this item was excluded from the interview. Thus, the total COBEL score, computed as the sum of the 15 items, ranged from 0 to 15. In addition to the total score, component scores for food (items 1, 2, and 16), social (items 11, 12, 13, and 14), and environmental odours (items 4, 5, 6, 7, 8, 9, 10, and 15) were computed after Ferdenzi and colleagues [5, 8] . The theoretical ranges for food, social, and environmental odours were thus 0 -3, 0 -4, and 0 -8, respectively. The actual ranges seen in the data are given in Table 1 . The amended version of the questionnaire used in this study has been previously published by Martinec Nováková and colleagues [12] .
Procedure
The testing sessions took place between 9 a.m. and 3 p.m. in a secluded, well-ventilated room without strong ambient odours. At the beginning of each session, children were briefly familiarised with the tasks, which were presented as a game, and ensured that they could stop or quit at any time. Since this study was part of a larger project [see 12, 13 for other studies on this sample], the children also took various olfactory tests. The order of the olfactory tests and the interview based on COBEL was randomised across children. The sheer number of the tasks presented
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A C C E P T E D M A N U S C R I P T a cognitive load that could only be alleviated by splitting them over two sessions. Therefore, each child was tested on two consecutive days or within a week at the very latest. Each session took circa 30 minutes. Parents or teachers were never present in the room during the testing session.
Statistical Analysis
Data Exploration
Analyses were carried out with SPSS 24.0 [14] . The normality of the raw data was checked, firstly, by visually examining the individual histograms of all relevant variables, secondly, by producing skewness and kurtosis values and their respective standard errors, from which z-scores were computed and compared to the value of 1.96, as suggested by Field [15] , and, thirdly, with multiple Shapiro-Wilk's W tests.
Linear Mixed Modelling
Two approaches to analysis of longitudinal data were adopted to ascertain the robustness of the results. Both utilised linear mixed models, were run using the SPSS syntax MIXED command, and yielded very similar results.
Individual Growth Curve Models
The first data analytic strategy consisted in fitting individual growth curve (IGC) models. In so doing, we followed the procedure recommended by Shek and Ma [16] . One of the advantages of IGC models is that they retain all of the information and variability in the data when examining the rate of change in the dependent variables (DVs) [17] . This information is of great importance to researchers in developmental psychology because children tend to vary not only in their initial status
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(i.e., the model's intercept), but also the rate of change (i.e., the slope). Also, in contrast to a repeated-measures approach, the IGC models allow the irregularity of the number and spacing of waves by means of a time-structured predictor ("time") [18] . Thus, at Wave 1, the values of time were set at 0, and the number of months from the date of data collection within Wave 1 was calculated for each subsequent wave (i.e., Waves 2-5). In order to be able to perform these calculations for the children who did not take part in Wave 1 and were first tested during Wave 2, for these participants the starting date was dummy coded. The code entered did not affect the results.
The continuous variables of the initial age (that is, the age at the commencement of the study) and the interval since any previous testing were treated by a grand mean centering method (i.e., by subtracting the mean, which is generally recommended in order to simplify the interpretation of the results) [19] . Next, following the strategy suggested by Singer and Willett [18] , several models were fitted and then compared by means of the -2 log likelihood (i.e., the likelihood ratio test/deviance test) and the Akaike Information Criterion (AIC, "smaller is better") in order to select the best model. Namely, to compare the models, we calculated delta AIC (Δ i ) as follows: AIC i -AIC min , where AIC i is the AIC value for model i, and AIC min is the AIC value of the "best" model. Then we followed the rule of thumb, whereby a ∆ i < 2 indicates substantial evidence for the given model, values between 3 and 7 suggest that the model has considerably less support, whilst a ∆ i > 10 says that the model is very unlikely [20] . Firstly, two unconditional models were generated to examine mean differences in the outcome variable (i.e., total or component COBEL scores) across individuals and to compare the fit of models estimated by means of the restricted maximum likelihood method (REML; default option) and the maximum likelihood (ML) method. As a better model fit was achieved by means of the latter method, all subsequent models were estimated using ML. Secondly, an unconditional growth model was tested, which served as a baseline model to explore whether the growth curves were linear or curvilinear. Thirdly, three higher-order polynomial models (quadratic, cubic, and exponential respectively) were fitted to investigate whether the rate of change accelerated or decelerated across time. In this way we found that only the linear growth effect was significant. Therefore, only the
linear term was retained in the subsequent models, meaning that a linear slope model was always hypothesised. In other words, we modelled the individual change of COBEL scores as following a straight line rather than a curve. That suggests that the rate of growth was treated as remaining constant across time. Fourthly, a conditional model was formed to determine whether the variables of gender, initial age, the cumulative total of sessions actually attended by a given child thus far, the time interval since any previous testing, and kindergarten/primary school attendance were related to the growth parameters (the initial status, known as the intercept, and the linear growth, known as the slope). It transpired that based on AIC, the best model fit was obtained when along with time, only gender and initial age were retained in the model. Thus, the number of sessions, the time interval since any previous testing, and kindergarten/primary school attendance were dropped from the subsequent models. Finally, several covariance structure models were explored to assess the error covariance structure of the longitudinal data, whereby we determined that the unstructured one tended to yield the best model fit. We allowed the intercept and the linear slope to vary across individuals. Missing data was handled through pairwise/listwise deletion. This procedure was followed to model the effects on each of the four COBEL scores (the total score and the food, social, and environmental components).
Repeated-Measures Analysis with Time-Dependent Covariates
The other data analytic strategy involved a repeated-measures analysis with time-dependent (time-varying) covariates. Waves represented the repeated-measures effect, gender was treated as a fixed factor, and a child's age on a specific testing occasion, the cumulative total of sessions attended by the given child thus far, the time interval since any previous testing, and kindergarten/primary school attendance were handled as individual-level covariates that were measured repeatedly across the waves. However, the best model fit was also obtained after the number of sessions, the time interval since any previous testing, and kindergarten/primary school attendance were dropped from A C C E P T E D M A N U S C R I P T the models. Along with the main effect of gender, the gender*age interaction was also included in the model. The residual covariance matrix structure was diagonal with heterogeneous variance, which is the default covariance structure for repeated effects. The model was run separately for the total COBEL scores and the three component scores (food, social, and environmental). The assumptions of the test were met since the DVs were linearly related to the independent variables (IVs) over at least some of the waves and they were normally distributed. Since the results matched those obtained with the first analytic strategy both in terms of statistical significance and effect size, they are not reported in the paper.
Calculation of Effect Size
For t-tests, a standardised measure of effect size, Cohen's d, was calculated after Cohen [21] .
It is the difference between two means expressed in units of standard deviations. Hence, when d = 1, the means of two groups differ by one standard deviation. For mixed models, Cohen's f 2 was computed using SAS PROC MIXED according to Selya [22] . Cohen's f 2 for a given IV is a ratio of the proportion of the variance in the DV uniquely explained by the IV to the proportion of the variance in the DV unexplained by any variable in the model. In Table 2 , global effect sizes across the waves (i.e., for the overall model) are reported as well as local ones within the individual waves. According to Cohen's [21] guidelines, f 2 ≥ 0.02, f 2 ≥ 0.15, and f 2 ≥ 0.35 represent small, medium, and large effect sizes respectively. Cohen's f 2 < 0.02 is below the recommended minimum effect size representing a "practically" significant effect for social science data [23] , which is why the exact values are not reported. 95% confidence intervals (95% CIs, given in square brackets) for the estimates were taken from the SPSS output. CIs can be interpreted in various ways [24] . Here we favoured the one stating that a 95% CI is an 83% prediction interval for the effect size estimate of a replication experiment [25] .
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Data Imputation
To model the relationships on a larger dataset, we then re-ran the analyses on imputed data.
There were 136 cases for which there were IVs available but the DVs were missing. This data was imputed in the R [26] with the missForest package [27] , available from the Comprehensive R Archive Network (CRAN). Recommended particularly for conducting multiple imputation of mixed data (numeric and factor variables in one data frame) [28] , it has been compared to other imputation methods and found to have the least imputation error for both continuous and categorical variables and the smallest prediction difference (error) [29] . The default settings were used [27, 30] .
Results
Non-imputed data
IGC models were fitted to assess the effect of the time-structured predictor ("time"), age at study entry, and gender on children's reports. The cumulative total of sessions attended by a given child thus far, the time interval since any previous testing, and kindergarten/primary school attendance were omitted, as explained above. As shown in Table 2 , all the effects were small or barely qualified as such (Cohen's f 2 < 0.02), regardless of statistical significance. The only statistically significant effect on the total COBEL score was the linear, time-related increase, F(1, 259.02) = 3.96, p = 0.048, Cohen's f 2 < 0.02. To be specific, the longer a child was in the study, the higher their score. Comparisons of COBEL scores in girls and boys are given in Figure 2 .
Insert Table 2 
Discussion
The present study represents the first longitudinal examination of development of children's odour awareness across five waves of data collected over a two-year period. We investigated the effect of two proxies routinely invoked to explain inter-individual differences in olfaction (i.e., gender
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and age), but also tested for within-subject changes over time. In general, we found a significant within-subject effect of individual maturation over time and a gender difference, but the initial age did not play a role. In imputed data, the statistical significance of some of the effects disappeared but, more importantly, the effect sizes remained small.
The present findings indicate, firstly, that the effect of a child growing up (i.e., that of the "time" variable) on odour awareness in general seems rather small. Greater odour awareness in older children has been observed in several previous studies in participants aged 6 -10 and 7 -11
years [5, 6, 8] , even though not consistently so [10, 12] . A similar conclusion can be drawn from the study of Martinec Nováková and Vojtušová Mrzílková [10] , who report a Kendall Tau correlation between age and the total COBEL score of 0.061, which gives a Cohen's d of 0.19 [31] . This, too, represents a small effect [21] . Effect sizes of similar magnitude can be extracted from the study on the original use of the questionnaire [5] . This is further in line with the finding of Saxton and colleagues [6] , who, in the total sample of older children (between 8 and 15 years of age), reported Secondly, another small effect was that of gender. One possibility is that the reports indeed reflect girls' greater reliance on their sense of smell compared to that of boys'. This would be in line with previous studies in children [6, 8] and adults [3, [33] [34] [35] [36] [37] . For example, in a cross-cultural study of Finnish and French children [8] , girls reported greater attention and reactivity to everyday odours than boys. Specifically, girls scored significantly higher on six items, of which four predominantly related to social odours (body odour of relatives, tendency to smell parts of own body and clothes, and odours sought when sad, which most of the time were odours of self or of significant others).
Despite substantial cross-cultural differences, Saxton and colleagues [6] reported very similar results in Czech and Namibian children: girls turned out to be more acutely aware of social and environmental, but not food, odours.
An alternative explanation would be that the girls' higher COBEL scores were but a marginal expression of more general phenomena, such as better verbal skills. Nevertheless, in the original study on COBEL [5] , girls showed greater verbal fluency than boys, but their reports of higher attention and reactivity to some odours (social, affective, and partly environmental ones, but not food ones) were not driven solely by their better verbal skills. Since COBEL is a metacognitive measure, another alternative could be that girls' greater metacognitive skills underlie their higher odour awareness scores. Although there is preliminary evidence that girls and boys do not differ in metacognition [38] , there is clearly a knowledge gap that needs to be bridged by future studies.
A time-related decrease in the scores reflecting awareness of social odours is surprising because the exact opposite was expected based on the previous studies. For instance, Ferdenzi and colleagues [5] noted a rise in children's awareness of certain personal odours. In an item-by-item analysis it transpired that the proportion of participants who were aware of the odour of their relatives increased between 6 and 10 years of age and that more and more children sought social odours when they were feeling sad [5] . A possible explanation of the present contrasting findings would be that the growing awareness of social odours may not necessarily become verbalised. On the contrary, children may become less explicit about their perceptions as they grow up. Scrutiny of the individual items comprising the social component suggested that at the beginning of the study, children did not hesitate to offer frank, sometimes even deliberately provocative, views on their own personal odours, those of their relatives, and peers. For example, at the commencement of the study, they would not feel embarrassed to state that their parents or siblings tended to have bad breath in the morning, break wind, or leave unpleasant smells behind after using the bathroom. Such statements would occur rather rarely towards the end of the study, leading to a drop in the scores
since they were not replaced by more "socially appropriate" comments or were substituted with a simple "yes". Even though these statements themselves were not scored, they would provide the context needed for the assessment of what was said next. For instance, at the start of the study, asking a question "Do you find that your parents/siblings smell of something?" would elicit vivid and detailed accounts of offensive odours emitted by various family members. When further prompted ("Imagine they did not smell of anything anymore: would you not care/would it bother you/would it suit you -a little/a lot? Why?"), a child's response would be guided by their preceding answer.
Hence, a child reporting, for example, that someone tended to break wind would proceed to declare that "it is impolite and no one should do it" and that a change in the person's habits would have suited them a lot, scoring maximum points. Towards the end of the study, the same child might respond to the same question in the affirmative without going into detail. The lack of overt elaboration might have toned down their next statement and the degree of liking or disliking, resulting in lower scores. However, the absence of a detailed response may in fact reflect a child's growing, not diminishing, awareness of personal odours, combined with greater appreciation of social norms and their integration. It is possible that with experience, children become more acutely aware of the moralisation of body odours [39] and that they therefore begin to deliberately skirt around certain topics, recognising them as taboo. When spontaneous reports of offensive odours outnumber those of pleasant ones, this may, paradoxically, lead to lower scores. Statistical analysis of these ideas was not possible because for some children, only the scored parts, not the opening remarks providing the context for further interviewing, were available. Thus, we present these points more as suggestions for future research.
One of the limitations of the questionnaire is that it lists several items which may imply the desired direction of a response, such as "Imagine your parents present you a dish you do not know:
will you do something before putting it in your mouth?", "When you smell a food odour, do you try to guess for fun what it is?", or "Do you find that people smell of something, even without perfume or deodorant?" These items are just as problematic in Czech as they are in English. These so-called
leading questions are phrased in such a way as to suggest the desired answer. Their inherent biases can operate as "suggestions", encouraging children to answer in the affirmative. Young children are particularly susceptible to the effects of "leading" information [40] . Pre-schoolers are more susceptible to suggestion in general than older children and adults [41, 42] . A child's responses may be biased especially when the interviewer is perceived as a person in authority [43] and when the interview is conducted at a kindergarten or school [44] . The impact of such biases decreases as the social distance between an adult interviewer and a respondent shortens, i.e., as the child grows up or the level of formality decreases [45] . To counteract such effects, it is recommended to exclude a child's first answer as it may represent a response that they believe is expected, desirable, or appropriate [46] . The research protocol in the present study did not allow for such an approach.
Further, children tend to perform poorly when they feel that they are expected to give an answer, no matter how confident they are [47] . Allowing for an "I don't know" response in future studies may reduce children's susceptibility to such biases in interviewing [48] .
A limitation of the present study was that it did not delve into the actual factors underlying the age-related variation in self-reports of odour awareness. This tends to be attributed to a combination of general cognitive maturation (including memory, verbal skills, and the ability to interpret and describe the environment), together with the cumulative effects of odour exposure [5, 8] . For instance, we have already shown that the effects of verbal fluency and odour exposure, respectively, were greater than the effect of age [12] . Besides controlling for verbal fluency, researchers might also find it useful to employ an independent measure of metacognitive skills, as discussed above, such as the train-track task [38] , which requires a child to build a train-track from wooden pieces to match a shape in a plan.
Another limitation of the study was the amount of missing data and related issues, such as the higher proportion of preschoolers in Wave 4 compared to Wave 3, the similar mean age of the children participating in these two waves, and the low N in Wave 4. The data collection within Wave
4 took place in May and June 2012, which was towards the busy end of the school year. As school principals, teachers, and parents each time provided a one-time permission only and had to be asked again within the next wave, sometimes they responded in the negative to our request. Kindergarten teachers and parents of preschoolers were generally more relaxed about the testing and more interested or even enthusiastic about cooperating. Besides, preschoolers tended to have similar schedules and could be approached within the kindergarten almost on any given day, as opposed to school children. When the first participants started school during Wave 3, they turned out to be difficult to reach because of their busy curricula and after-school activities. Parents of children who could not be tested at school were then invited to visit our laboratory, but they often found it logistically inconvenient. Future studies could overcome many of these issues by recruiting children from institutions with more relaxed curricula, such as outdoor kindergartens and elementary schools.
This approach might also allow ecologically (externally) valid observation of olfactory behaviours, even though the generalisation of findings may be limited as such institutions are generally attended by children from specific backgrounds.
Conclusion
To the best of our knowledge, this paper presents the first longitudinal study to repeatedly test children's odour awareness across five waves over a two-year period. We found a time-related linear increase in the total COBEL scores and the food and environmental components, whereas awareness of social odours decreased over time. Girls scored higher than boys, with the single exception of the food component. All the effects were small in both the original (i.e., non-imputed) and imputed data. The age at which children entered the study did not affect their scores. We suggest that particularly the unexpected findings regarding social odours warrant replication and extension in longitudinal studies carried over a broader time span.
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Highlights  Children's awareness of food and environmental odours increases linearly over time  Scores indicating awareness of social odours decrease over time  Girls show higher awareness of social and environmental, but not food, odours  Time-related and gender effects are small in size
